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Abstract 

We present the construction of layer-by-layer (LbL) assemblies of polyethylenimine and urease onto 

reduced-graphene-oxide based field-effect transistors (rGO FETs) for the detection of urea. This versatile 

biosensor platform simultaneously exploits the pH dependency of liquid-gated graphene-based transistors 

and the change in the local pH produced by the catalyzed hydrolysis of urea. The use of an interdigitated 

microchannel resulted in transistors displaying low noise, high pH sensitivity (20.3 µA/pH) and 

transconductance values up to 800 µS. The modification of rGO FETs with a weak polyelectrolyte improved 

the pH response because of its transducing properties by electrostatic gating effects.  In the presence of 

urea, the urease-modified rGO FETs showed a shift in the Dirac point due to the change in the local pH 

close to the graphene surface. Markedly, these devices operated at very low voltages (less than 500 mV) 

and were able to monitor urea in the range of 1-1000 μM, with a limit of detection (LOD) down to 1 μM, 

fast response and good long-term stability. The urea-response of the transistors was enhanced by 

increasing the number of bilayers due to the increment of the enzyme surface coverage onto the channel. 

Moreover, quantification of the heavy metal Cu2+ (with a LOD down to 10 nM) was performed in aqueous 

solution by taking advantage of the urease specific inhibition.  
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1. Introduction  

Graphene, a two-dimensional zero band gap semiconducting material, has gained vast interest in material 

science, energy storage and sensor technology, due to its remarkable electronic and mechanical properties 

(Choi and Lee, 2012). Its high carrier mobility and ambipolar field effect (Cai et al., 2014), together with a 

great sensitivity towards changes in environmental conditions makes graphene perfectly suitable as 

transducing material for the use in chemical sensors. Graphene based field effect transistors (FETs) have 

been applied for pH sensing (Ohno et al., 2009; Sohn et al., 2013), DNA (Dong et al., 2010) and protein 
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